The programmable switches which control the delivery of electrical signals in programmable logic devices are fabricated using memory technology. Although phase change memory (PCM) technology is one of the most promising candidates for the manufacturing of the programmable switches, the threshold switching material should be added to a PCM cell for realization of the programmable switches based on PCM technology. In this work, we report the impurity-doped Ge 2 Sb 2 Te 5 (GST) chalcogenide alloy exhibiting threshold switching property.
I. Introduction
The phase change switch is a type of programmable switches that are contained in a programmable logic device (PLD). The manufacturing technology is based on phase change memory (PCM) technology [1] [2] [3] [4] . The role of the switch in PLD is to control the delivery of electrical signals between logic blocks while the switches are located between logic blocks. Currently, static random access memory (SRAM) [5] and flash [6] technologies have been already commercialized and are being widely used. PCM technology [7, 8] , as next-generation switch manufacturing technology, is considered to have great potential of commercialization due to non-volatility and high speed of PCM.
PCM cells include phase change materials, as active materials, that consist of chalcogenides [9, 10] containing chalcogens or antimonides containing antimonies [11, 12] . Phase change materials undergo a reversible phase change according to external energy input between high-resistance amorphous and low- gramming. To solve this trouble, a threshold switching material that shows only threshold switching properties should be added to a PCM cell [3, 4] . A threshold switching material [13] has a property that it goes back to a high resistance of more than 100k
ohms upon the removal of the electric field although it keeps a low resistance of hundreds of ohms during the application of the electric field that exceeds the threshold value. In the consideration of compatibility and manufacturing cost, threshold switching materials whose composition is similar to that of phase change materials should be secured. Thus, in this study, chalcogenide thin films were formed after impurities were doped on Ge2Sb2Te5 (GST) alloys, which are widely known for a phase change material, and then the electrical and physical properties of the films were evaluated. In order to investigate the switching behaviors of GST and impurity-doped GST thin films, surface morphology and sheet resistance changes by postannealing were comparatively analyzed, and current variations with applied voltage were measured.
II. Experimental Procedures
GST and doped GST films were prepared by RF magnetron sputtering. As sputtering targets, 2-inch-GST and doped GST targets were used, respectively.
P-type silicon wafers were used for the substrate. The doped GST film showed flat surface whereas the GST film had a number of round agglomerates. From these results, a conclusion is made that In and P that are added to GST play a critical role in maintaining flat surface of the GST film.
III. Results and Discussion
As seen in Fig. 4 , variations of normalized resistance of GST and doped GST thin films with annealing temperature increase were compared. The normalized resistance was calculated by dividing the sheet resistance value of the film by the sheet resistance value of the as-deposited specimen. When the doped GST film was annealed at 100 o C, a decreased resistance value was measured compared to the as-deposited specimen, but relatively constant resistance 
IV. Conclusions
Doped GST thin films were formed using the doped GST target through sputter deposition, and the properties of doped GST and GST thin films were comparatively analyzed. The doped GST film was flat-surfaced during postannealing at 300 o C, which was different from the GST thin film. As annealing temperature was increased, the sheet resistance of the GST thin film was greatly reduced, whereas the sheet resistance of the doped GTS thin film was relatively constant. The surface morphology and resistance characteristics of the doped GST thin film are attributed to the fact that In and P addition to GST inhibits the crystallization of the amorphous phase of GST. Unlike GST, the doped GST thin film showed only threshold switching behavior. Thus, when adequate doping elements are added to the GST thin film, threshold switching chalcogenides can be secured for realization of the phase change switches.
